Objective: High-risk clinically localized prostate cancer is seen in a highly heterogeneous population with a wide variation of clinical aggressiveness and a novel subclassification for the better prediction of clinical outcomes is needed. The aim of this study is to validate a modified D'Amico risk criteria for substratification of high-risk prostate cancer with regard to the prediction of biochemical recurrence, clinical progression-free survival or prostate cancer-specific mortality after radical prostatectomy. Methods: We conducted a retrospective multicenter cohort study including 461 clinically organconfined (cT1-2), D'Amico high-risk prostate cancer patients who underwent radical prostatectomy with pelvic lymph node dissection. The modified criteria subclassified D'Amico high-risk patients into high-risk (n = 189, single high-risk parameter and two low-risk parameters) and very high-risk (n = 272, at least one more intermediate or high-risk parameter in addition to the qualifying highrisk parameter) groups. Biochemical recurrence-free survival, clinical progression-free survival, prostate cancer-specific mortality and overall survival were analyzed. Results: The very high-risk group, compared with high-risk group, had significantly poorer biochemical recurrence (5-and 10-year biochemical recurrence-free rates: 52.8 vs 73.9% and 42.1 vs 61.7%, respectively, P < 0.0001), clinical progression-free survival (5-and 10-year survivals: 91.8 vs 98.2% and 80.5 vs 98.2%, respectively, P = 0.0013) and prostate cancer-specific mortality (5-and 10-year mortalities: 2.5 vs 0.0% and 6.7 vs 0.0%, respectively, P = 0.0124). Conclusion: D'Amico high-risk patients can achieve very favorable outcomes unless they are classified as very high risk. Our novel subclassification method is very simple and useful for better patient counseling and decision-making in the pretreatment setting.
Introduction
Radical prostatectomy (RP) is a standard treatment for patients with clinically localized prostate cancer (PCa), and a number of risk classifications or nomogram models have been proposed to predict oncological outcomes after RP (1) . Among them, D'Amico risk stratification (2) is one of the pioneer and most widely accepted models. It has been externally validated and shown to be useful also for the prediction of post-RP survival (3), although it was initially designed for the prediction of biochemical recurrence (BCR) after definitive treatment including RP. While excellent outcomes were achieved in low or intermediate risk cases, relatively poorer clinical outcomes were reported in high-risk patients (3) . Detailed analyses of post-RP treatment outcome have raised another clinically important question; high-risk cases represent a heterogeneous population that includes patients who present early relapse and those who achieve long-term disease-free status (4, 5) . Indeed, a contemporary review of the literature concluded that no uniform management can be recommended for high-risk PCa (6) .
Recent effort to stratify high-risk patients according to prognostic risks includes subclassifications using pretreatment parameters (7) (8) (9) (10) (11) (12) , nomograms (13) (14) (15) , scoring models using postsurgical pathological information (16) , genomic classifier based on gene expression signature of primary tumor (17) and their combinations (18) . For pretreatment patient counseling and decision-making, simple prognostic tools based on presurgical information are feasible. Additionally, there have been very few reports on risk stratifications for Asian populations.
Previously, our group proposed modified D'Amico criteria that subclassifies high-risk category into two subclasses with distinct post-RP BCR rate (19) . The modified substratification is characterized by a very simple and user-friendly subgrouping method that requires only the three existing preoperative parameters used in D'Amico criteria. A D'Amico high-risk patient is subclassified as high risk if he has only a single high-risk parameter and two lowrisk parameters, while a patient is subclassified as very high risk if he has at least one or more intermediate or high-risk parameters in addition to the qualifying high-risk parameter. Here, we have investigated whether the modified criteria is useful for the prediction of clinically more relevant outcomes namely clinical progression-free survival (cPFS), early PCa-specific mortality (PCSM) and overall survival (OS) using a data set derived from the international multiinstitutional collaboration in Asia.
Patients and methods

Model and study design
According to our modified D'Amico criteria, high-risk patients were substratified into two subgroups namely high-risk cases, who have a single high-risk (prostate-specific antigen (PSA) > 20 ng/ml, biopsy Gleason score (bGS) ≥ 8 or cT ≥ 2c) and two low-risk features (PSA < 10 ng/ml, bGS < 7 and cT < 2b), and very high-risk cases, who have at least one extra intermediate or high-risk feature (PSA ≥ 10 ng/ml, bGS ≥ 7 or cT ≥ 2b) in addition to their qualifying high-risk parameter (19) .
We conducted multi-institutional international collaborative study to establish a database of PCa patients based on the approval by the institutional review board at each institute. We analyzed pooled data on patients who underwent RP for clinically organconfined (≤cT2) PCa between 1997 and 2014 at Jikei Medical University Hospital (Tokyo, Japan), Asan Medical Center (Seoul, Korea) and Kyoto University Hospital (Kyoto, Japan). Patients who received neoadjuvant or adjuvant androgen deprivation or radiotherapy, who did not have pelvic lymph node dissection at the time of RP or who had any other missing data were excluded from this study. Consequently, 461 D'Amico high-risk patients were studied (Table 1) . Using pretreatment cT stage (based on TNM 7th edition, 2010), PSA levels and bGS, the patients were stratified into either of high-risk (n = 189) or very high-risk (n = 272) group.
As for institutional variation, there were no significant differences in the proportion of very high-risk patients (62.3% in Jikei, 57.3% in Asan and 50.9% in Kyoto, P = 0.26, chi-square test) and patient age (65.6 ± 6.5 years for Jikei, 65.1 ± 7.5 for Asan and 67.4 ± 5.6 for Kyoto, P = 0.14, Kruskal-Wallis test). However, there were significant institutional variations in the proportions of cT1c tumor (54.3% in Jikei, 29.2% in Asan and 60.4% in Kyoto, P < 0.0001, chi-square test), bGS 8-10 disease (76.2% in Jikei, 64.9% in Asan and 58.5% in Kyoto, P = 0.004, chi-square test) and preoperative PSA (14.9 ± 10.6 ng/ml for Jikei, 14.1 ± 12.5 for Asan and 20.5 ± 19.1 for Kyoto, P = 0.003, Kruskal-Wallis test).
Preoperative information
Preoperative clinical staging was mainly based on digital rectal examination, computed tomography and bone scan, while magnetic resonance imaging was used in a part of the patients. The majority of the patients underwent open retropubic RP, while the rest did laparoscopic RP including robotic surgery. Most cases underwent at least limited lymph node dissection concomitantly with RP. As surgical specimen was processed routinely in a similar manner in the three institutes, pathological information on biopsy and prostatectomy specimen was collected based on pathological reports from each institute.
Postoperative follow-up
Postoperatively, patient follow-up generally comprised physical examination and serum PSA measurement on every 3-6 months during the first 2 years and every 6-12 months thereafter. Imaging studies including CT and bone scans were obtained at the physician's discretion. BCR was defined as two consecutive measurements of PSA levels ≥ 0.2 ng/ml and the date of BCR was defined as the time of the first measurement of PSA level ≥ 0.2 ng/ml. When PSA levels after surgery, the date of BCR was defined as the time of surgery. The treatment options after BCR or clinical progression were determined according to the physician's preference. The patients who kept no biochemical evidence of disease following local salvage radiotherapy after BCR were defined as having BCR but no clinical progression. Clinical progression was defined as manifestation of any symptomatic or radiologically evident lesion of relapsed disease. When clinical progression without PSA elevation was observed (although only two patients), the date of BCR was defined as the time of clinical progression. The recurrence site of clinically progressed disease was also reported. PCa-specific death was clinically determined by the attending urologist who followed the patients until death. There had to be a documentation of uncontrollable disease progression against androgen deprivation or chemotherapy.
Statistical analysis
Probabilities of BCR-free survival, cPFS, disease-specific survival (DSS) and OS were estimated using the Kaplan-Meier method, and statistical significance was examined using log-rank test. Concordance index was also reported with the standard error (±SE). Cox proportional hazard model was used for multivariate analyses for survival. Time to BCR, clinical progression and mortality were calculated from the date of surgery. Additionally, time from BCR to clinical progression and mortality were also calculated. All P values were two-sided, and P < 0.05 were considered statistically significant.
Results
Pathological outcomes
Compared with high-risk patients, very high-risk patients had significantly higher probability for having pT3-4 disease, lymph node involvement, higher pathological Gleason score and positive resection margin on RP (Table 2) .
Postoperative survivals
BCR-free survival was significantly better in high-risk patients than in very high-risk patients (5-and 10-year BCR-free rates: 73.9 vs 52.8% and 61.7 vs 42.1%, respectively, P < 0.0001, concordance index: 0.592 ± 0.020, Fig. 1A ). Of note, statistically significant differences in BCR-free survival between the two groups were robustly observed when they were analyzed for each institute separately (data not shown).
High-risk patients showed significantly better cPFS than very high-risk patients (5-and 10-year survivals: 98.2 vs 91.8% and 98.2 vs 80.5%, respectively, P = 0.0013, concordance index: 0.661 ± 0.051, Fig. 1B) . Moreover, high-risk patients had significantly lower PCSM than very high-risk patients (5-and 10-year mortalities: 0.0 vs 2.5% and 0.0 vs 6.7%, respectively, P = 0.0124, concordance index: 0.698 ± 0.087, Fig. 1C ), whereas there was no statistically significant difference in OS (5-and 10-year survivals: 98.8 vs 97.2% and 98.8 vs 89.2%, respectively, P = 0.0784, concordance index: 0.600 ± 0.070, Fig. 1D ).
In multivariate Cox proportional hazard analysis, cT2c had no statistically significant impact on BCR-free survival, cPFS, DSS and OS after adjusting pretreatment PSA and bGS (Table 3) . PSA >20 ng/ml had a significant impact on BCR-free survival, DSS and OS, while bGS ≥8 had a significant impact on BCR-free survival and OS.
Survival after BCR
Fifty (26.5%) patients had BCR in high-risk group, whereas 127 (46.7%) had BCR in very high-isk group. Among them, only 3 patients (6.0%) in high-risk group developed clinical progression of PCa, whereas 26 (14.7%) developed in very high-risk group at a median follow-up of 4.9 years after BCR. In high-risk group, 67% (2 of 3) of clinical progressions were identified as locoregional recurrence (prostatic bed or pelvic lymph node involvement), whereas 65% (17 of 26) of clinical progressions were manifested as skeletal or visceral metastasis in very high-risk group (P = 0.279, Fig. 2A ). Time from BCR to clinical progression was significantly shorter in very high-risk group as evident in the Kaplan-Meier plot after BCR (P = 0.0365, Fig. 2B ). Accordingly, similar tendency was observed in DSS and OS (Figs 2C and D) . There was no particular difference in pathological and oncological outcomes among the three study institutes.
Discussion
We previously reported that a simple subclassification method successfully predicted post-RP BCR in a heterogeneous population of men with D'Amico high-risk PCa (19) . This study has validated the previously reported model with regard to BCR prediction using larger patient populations. Essentially, this study demonstrated that our model is readily verifiable using existing databases without additional data collection and widely applicable to most established databases. Of particular note, this study provides risk stratification model validated in Asian populations, which has been reported to have distinct clinical and biological characteristics. More importantly, this study has shown that this modified D'Amico criteria successfully predicts a subset of patients who are at high risk for clinical progression and early PCSM. This model is characterized by very simple criteria that make it user-friendly. There are several nomograms that were reported to show better predictive performance but they require calculation formula or scale bars. Additionally, our model will be useful for patient counseling and clinical decision-making preoperatively. Very high-risk patients are less likely to be cured by RP alone, and multimodal treatment strategy should be recommended to this group of patients (5, (20) (21) (22) . In contrast, high-risk (not very high) patients showed relatively better outcomes that are similar to those for intermediate risk patients.
Recently, a multi-institutional study stratified patients undergoing robot-assisted laparoscopic RP into five groups with distinct risks for BCR, clinical progression and consequent use of salvage therapy (7) . Their model is also characterized by very simple categorization using only pretreatment PSA and bGS but not cT stage. There have been several other reports on substratification of highrisk PCa using preoperative parameters (8) (9) (10) (11) (12) . Some of them use PSA velocity (8, 9) or number of positive score (10) , which makes the external validation difficult due to lack of these data in some population. Others use simply PSA, bGS and cT stage (11, 12) , which allows clinicians to apply those models to their daily clinical practice easily or to make a head-to-head comparison of two distinct models. Other recent efforts for post-RP outcome prediction comprise nomograms (15) , a postsurgical scoring model (16) and a genomic classifier (23) . Although these models yielded better predictive abilities independently (15) (16) (17) and in combination (18) , they utilize postoperative pathological information or gene expression profiles and cannot be used for preoperative patient counseling and decision-making. In contrast with those previous studies including cT3 cases, the subjects of this study had clinically organ-confined disease (≤cT2). Indeed, very few patients with locally advanced (cT3) PCa are treated with RP alone. Since our cohort consisted of ≤cT2 patients, multivariate analysis revealed that cT stage has little impact on clinical outcomes as reported by other group (24) . Little impact of cT stage might be due to large number of cT1 patients or due to difference in staging modalities. In this regard, PSA, highly standardized testing, showed the strongest significance among incorporated parameters. Thus, prognostic models comprising cT stage should be applied to another patient population with caution.
In addition to the shorter postoperative survivals, patients with very high-risk PCa had significantly earlier clinical progression and PCSM from the time of BCR, which is consistent with previous reports showing a significant association between shorter time to BCR and post-BCR clinical progression (25, 26) or PCSM (27) (28) (29) . However, our subclassification is clearly different from previously proposed ones in that it provides predictive information preoperatively, which yields strong advantages as described above. As evident by higher rate of skeletal or visceral involvement in the clinical progression setting in our series, very high-risk PCa patients are more likely to have already developed occult distant metastasis at the time of RP. Therefore, it seems reasonable to recommend adjuvant systemic therapy for very high-risk patients rather than differed salvage therapy after BCR.
As for disease progression pattern, whether the recurrence is local, regional or systemic is a key distinction that impacts post-BCR management (30) . The present results suggest that very high-risk PCa are more likely to have been already disseminated distantly at the time of RP, which must have caused shorter time from RP to BCR and shorter time from BCR to PCSM. Patients with very high-risk PCa may need more frequent biochemical and radiological studies in post-RP follow-up.
Several limitations also exist including retrospective nature. Pathology data were not centralized but based on the pathology report from each institute. The data lack information of the number of patients who had magnetic resonance imaging for clinical staging. Although all patients analyzed in this study had pelvic lymph node dissection (LND), the study lacks the information on how many patients had extended LND since the extent of LND was not standardized. The fact that extended LND was not performed in all patients might have caused the relatively low lymph node positivity in our cohort compared with previous reports on high-risk PCa as well as racial difference and lower cT stage not including cT3 disease in this study. We are aware that about 5-year follow-up after RP is not sufficient to examine post-RP survival due to the protracted natural history of the clinical progression of PCa. However, our results clearly indicate that patients with very high-risk PCa have significantly earlier PCSM than those with high-risk PCa. It is obvious that a larger study with longer follow-up would be warranted in the future to validate the results of this study. In this regard, our subclassification model is very simple and requires no more parameters in addition to the D'Amico's three factors, which hopefully enables investigators to further validate our subclassification method without difficulty.
In conclusion, we have demonstrated that our modified D'Amico's subclassification method has a strong potential to substratify D'Amico high-risk PCa patients into two groups at distinct risks for post-RP clinical progression and early PCSM in addition to BCR. This differentiation of D'Amico high-risk PCa patients is clinically relevant and immediately applicable to the daily clinical practice as a physicianand patient-friendly model for risk stratification.
Funding
This study was supported in part by a grant-in-aid for scientific research from the Ministry of Education, Culture, Sports, Science and Technology, Japan (26253078) (to O.O.).
